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The abstracts not intended 8 8  aubwtitutes for the original 
p&pers but eame only ae condansations of the inportant points. It 
is  believed, however, that *a many 08888 the abstract8 will cmtafn 
euf'ficient information to obviate procwmnt of the original papers. 
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Abfltracts 

The CP-ssificatiOn a p t e m  for the ,abstmcta k?ss been m&lo 80 
genera aa to include any conceivable re2or.t that would pertain to 
tlm hmcxlpmnics of seaplanea. T!m he-gs have been m a n g o d  to 
pennit the use of a number classification sys'l;em, if it is m dasired 
at a leter date. ... 
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In hydrodynamics, at3 in o a e r  f ielde of research, .the n&rm3~! of 
the au.t;hors are very useful In locating information of a type for 
which m author ier w e l l  known. The rz~msa of the authors of the 
pepera given w e  indexed el@-abetically . After the mum of each 
author, a list of abstract nmfbers fe giveqfndicating the reports 
of which he was kuthor or coauthor. 

Subject Index 

The eub Joct in&x is intended to m e t  "&e needs of persona 
interested in the specific d e t a i l s  of the hydrodpmics of seaplanes. 
Research and deaign pwEne-Eere, auxili& devices, specific functional 
parameters, and seaplane designations are lf8t0d. The eub.ject 
index ie not intended to be carplets but' includea the factors that 
appear to be of m08.t; interest to eoapkne specialists. 

j i  
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5. Alf'aro, Eeraclio: PosEiibiUties of Urge Boats  for  
National Defeme. Aem Mgsat, 701. 37, 30. 4, Oct. 1940, 
PP. 43-45 
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The general aepects of water-based aircraft m e  discuseed and the 
possible ctdvantages of the waterplane over the hnd@ane .are cited. 
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(See also abstzact ll3.) 
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md found unsatlefactoq, and. the rocor& of ~ o m e  failures, where 
these disclose little-knm 02 novel phenamsna of mor tmce ,  a m  
included. 

12. Diohl, Walter S. : The Application of Basic Data on Phning 
Surface8 t o  the  Desiiy1 of FJying-Boat Hulla. IWCA Rep. 
No. @r:, 1940. 

Inasmuch ee t he  deai- of seaplanas and f w  boats is a series 
~f camgromises, a s t u d y  has beon made to detomCne as far as poesible 
what loadings md grogortiam have Been arrived at by designers an13 
w h a t ,  i f  any, inter-wlet3.ons e x t a t  between the losdFnge and proportiom. 
Differences the designs caseidersd are 3~ part determined by 
varying r e q u i r o m t a  and t he  desig~s are not all of equal merit. The 
stu4y has been limftsd mnerall.y t o  seaplanes built in  the Last decade, 
although a few interesting older designs have been included. 0nl;g 
seaplanes built  i n  America, B r i t ~ i n ,  and Gemmy were ueod i n  the E~UQ-. 
Data were obte;inod from b r i c a n  md B r i t f s h  porLodicala and of f i c i a l  
publications. In c u e 8  whem ffgurea were unavailable, value8 were 
scaled off drawings. Varfous plots were d e  and from these plots 
formul%8 of a v e q e  design values heve been developed. 
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16. Gouge, A . :  The De8if.p of Setbplanes. Aircraft Eugineering, 
701. 11, no. 18, Aug. 1930, pp. m2-206. 

SOB’ of the hietorg of seaplanes is glven brfafly Ebnd the 
importance of oeapLEanes in large a i r c ra f t  designa ie emphasized. 
The problem of latern1 atability is introduced and charta are 
presented to ghaw the water resistance of tip-float, twin-float, 
and s t u b - w a  ayeteme of stabilization a8 functions of Speed and 
t r i m .  Particular emphaeis is placed on the design of the float 
structure and several. efgnificant  equations are  presented. Preasure 
measuremnts were mad0 by the Short Brothers on , t h e  bottom of Eb model 
fLving-boat h u l l  md a 310% of the pressure dis-kribution at  a speed 
corresponding to 30 h o t s  full size is @pen. 

1’7. Pmkinscm, John 3.: The Design of the Opthum H u l l  f o r  a 
Largo Long-Ran&e Flying Boat. M C A  AEE! No. L4112, 1944. 

Principles for bsi&ng the optimum hu l l  for a lare long- 
ran@ flying boat are proposed to 8wLt the requirements of minimum 
drag, seaworthinass, and abilfty to kake off and land at all 
o p r a t i o n a l  gross weights. The prina.lple3 include the use of 
moderate gross-load coefficients, ~hu1pl0 forebody hngthe, Etnd deep 
steps and t b  cloee adhumnca of the form to that of a stredine 
body of revolution with a moderate fineness ratio. 

The validity of tho design principles is iUustrated bjr the 
results of t e s t s  in U e y  no. 1 and in ,the Lgylgley two- 
dimnsLonaJ, low-turbulence p?esame tmml of the f 0.m of the h u l l  
for a hOO,OOO-pourad transgo;Lt flying boe 1;. . T k s e  r s a u l t s  indicate 
that for largo airplanes satisfactory byd.roayaamic characterfatics 
can be attained without aa undue pemltg. Jn P l i g h t  pepformance 
csueed by th6 drag of the atap and the chiTlEta ,’ 

The effect of size ox1 the proport iom and the take-off par- 
foma+ce of long-range flylng boats 13 shown for three hypothetical 
ruing boats having gross wights of 120,000, 3OO,OOO, and.. 
483,000 pounda and the 8- wing loading, parer lWing, Ehnd hull  
loading. When theso loadings are held conat&at, the size of‘ the 
hull r a b t i v e  to tke wln& and the ‘--off tinvs and distance are 
decrsaaed as the grosa might :Ls increased. 

The h u l l  of the flying boat, aside from its inherent a b i l i t y  to 
take off and larnd at sea, provides m inrme(iiata solution for the 
landing-gear problem of large long-range airplanes. 
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Up2er and Zmer llmiting value8 fo r  the coefficient in oach fol.llclla 
w e x  fouud by camparison w i t h  f u l l - s i z e  f l o a t o  found t o  Be good by 
the !Pes+, Cormittee.. 
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25. Pwsleg, A. G., and Fairthorne, R. A.: Note on Airworthineee 
Sta t ia t ice .  Rep. no. A.D. 3123, Br i t i sh  R.A.E., May 1939. 

This  note briofly discusses some general queetions now misin@l 
in the ana.l3ais of atatiatical &ta such &B are b c l q  collected on 
flying-boat d.ig??i;ing a;nd take-off acce&erations. The relatione 
betwaen such 10- data and airplane sccident statistics are 
indicated. Attontion i a . d m m  to the  ultimate value of ganeral work 
on thie qusstion both f r o m  the &a ty anrl. the deai& 8tandpoFnts. 



. 
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Tple basic principles of m i n e  aircr&t.are presented a d  
vwious method.8 of approxbat ion necessary f o r  weir application 
a r e  pointed out. 'he student is familiarized with t;2nk t e a t i n g  
%echnfgues and renu7ta. 33s general characterist ics,  proportions, 
and dimensione of flying boats.are diacusaed and certa€n deaign 
criterions are ci ted.  

33. Pogrm, Giovanni : SOB Iclees on Bacing Seaplanes. NACA TM No. 691, 
1932. 

c 
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36. Pegpa, G.: Efficiency of Seaplanes. EACA TM No. 32, 191. 

37. Dornier, C . : Lessom of t h s  Do .X. Jour. R.A .S., vol. XXXVlI, 
273, Sop%. 19339 757-752. 

Three different exmyles of the f l y f q  boat Do .X are covered 
in this report:  t he  o r i g i m l  %.X 1 a i r c r a f t  f f t t e d  with air- 
cooled en@nes; the D0.X 1. fitted with water-cooled engines, referred 
t o  ae D0.X La; m d  a t h i rd  tJ.pe with enclosed 6 ~ ~ 8 ~ 1 8  to tho  enginos 
and o i l  coolers coldbined eth the water M a t o r e ,  referrred to as 
Do.X 2. 

. 

Sonm spscificatfona of LIe  aircraft w e  ~ E Y  follows: 

Max1m.m pawor . . . . . . . . . . . . . . . . . . . . . . .  7,400 hp 
M E L X ~ ~ ~ I  i ; r o e ~  w e i & t  . . . . . . . . . . . . . . . . .  56,000 o r  

approx. l24,OOO 1% 
kz~mwn useful I . O ~  . . . . . . . . . . . . . .  ' . . . .  2k,000 kg or 

apgrox. 54,700 lb 
Fael  consumption . . . . . . . . . . . . . . . . . .  7.4.5 kg/km or 

approx. 26 5 IIJ par mi le  



Cru~eing speed . . . . . . . . . . . . . . . . . . . . . .  168 km h or 
14ex3m.m range . . . . . . . . . . . . . . . . . . . .  3,200 lm or 

aspox. 1,990 miles 
epprox. 10 I mph 
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40. Sueter, bhn-rey F. : Report of Experqmnts Car;-fed Out with a 
Hydro-Aeroplane, with Notes air& Suggestims for Further 
Experimnts . R . & M. No. @, Bri t iah  A.C . A , ,  1919. 

Mark I f l o a t  Mark IV float 

3Ias-k II f loa t  Mark V I 1  f l o a t  



Taka - Off 
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43. O l s o n ,  R. E. I md A.Ufeon, J. M.: The C a l c u b t e d  Effect of 
Vnxioue 3ydrodynmfc and Aerodynanic Factors on %he Take- 
O f f  of a Large Fmng B w t .  WCA Rep. No. 702, 1940. 



a. &owley, 3. V., Jr., asd Runan, K. M.: C h a r a c t e r i s t i c s  of a 
Boat '.type Seaplane during Take-Off . XkCA Rap. no. 226, 1926. 

a p e d  of 24 miles per how. 
c 
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46. Crarley, Jahn V., Jr., and Ronan, R. M.: Chmacteriatics of a 
Twin-Float Soap- d ~ w w  Take-Off . NACA Rep. No. 242, 1926. 
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49. Shoemker, Jema M., m d  D ~ K B M ,  John R.: The Effect of T r i m  
Angle on the W e - O T f  Pel.forma;nce of a FlyLng Boat. 
NACA TN Yo. 436, 1934. 

( 3 )  The best trim for a &van water speed. wtkh 8 hoed wind of 
less 231m 15 knota does not differ by nore than lo from the beat, trim 
w i t h  no wind.  

It f a  &arn that the relatiori between 
the time for take-off t of eeaplenes and 

the groaa weight W and 
fL- boats is of the form - 



m c ~  RM mo. ~ 6 1 1 3  I 
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B w & a r d t ,  Jose.ab E.: A S-Peciffc Chart 
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lo r  the c q u t a t i c m  of tab-off time .and dfstesce are given. R 
cmwntional  computation procedure is outlined. wfth the a id  of 
charts knd tsblee. 

62. k v e r ~ s f t y ,  W. M.: Teete of a Flax, Preselector on Sun6erla;nd I. 
Rep. No. E/Ees/l72, Sri t:sh X. A .E .E ., J m  31, 194.4. 

a k e - o f f  h s t s  have been with a flap preselector f i t t e d  to 
a Short S W e r h d  I flying boat. fiz openxtian 'the 'preselector 
f'mctfoned satisfactorllg. 

L 

. 
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T h i s  supplement extends the or iginal   b ibl iograpw (a.bstrao.t; 65) 
by listing books, papere, and articles pbl i she i i  between 1938 and 1940. 



FL cmlcule.-kion of the pxpr size of w i n g  floats for flying 
boats, the e tab i i i t y  of tbe  main f l o a t  is ofton entirely neglected - 
tho poeition of centor of buoyancy being assurmd independent of t k  
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EYIBOSTM'ICS 
Stabil-fty 

72. Diehi, W. S. : Stat ic  Ste.bility of Seaplme Floats and E U . .  ' 

NACA TN.No. 183, 1924.. 

GM = 15 + 0.002 w 



.. EYDRODYItMfCS 
kneral 
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€ M Z O D Y " I C S  
General 

characteristics  of the hull. The accidents were broken down into 
those a t t r i bub%le  to low-aped maneuverability, bow design, di-, 
watarlooping, rough-water damage, high-speed lmr-ltmtt porpoleing, 
skipping,  upper-limit gorpoieLng,snd t ipfloat design. A f e w  caaw 
of the. dif'ferent t y p s  of accidents wero discueEod in some &tail 
and ghotogmphs of the r e s u l t i n G  daanap mre includad. 

71. SQuim, E. B., Harper, D. L., Be-bssy, J., and Chester, M. : 
W i n d  Tunnel Tests of Oblique Je t  Units. Rap. No. Aero 2W7, 
Britdeh R.A.S., Jan. 1945, appendix. 

The phenomenon of tho  adhesion of 811 air j o t  to a m!.@lborlng 
surface, wkicil OCCUTS uader certain canhitions, is cau8a tha Coanda 
effect after i t e  diecovoror. Tha initlal adheolon cf the plans j e t  
is linked w i t h  the eatrainment of air into an unobstmrcted pl- Jat .  
If the entrainment on o m  eide is grevantod by obstruction, a 
reduct€on of grassure in the region betwoen j e t  end obstruction 
OCCW*S; the pressure difference cmated w i l l  divsr t  the j e t  and 
adhesion will c c c t r  under favorable canditiom. Rodwing the aspect 
ratio o f  the j e t  -crsasaa  entrainment frm t i e  ends asd termtts to 
reduce the Coanda. effect. The plmmmenon m e  observed for a wide 
ranga of -9s of' Jet  incidence, r&ius of cmmtm of the obstacls, 
and spacing betwen j e t  and obstacle. 

.. 

78. Sot to r f ,  W.: W s i s  of Experimental  IrlmetiLgatione of the 
Plan ing  Process on the Surfam of Water, M C A  TM No. 1061, 
1944. 

Flat  and Tr-botbm longitudinally a tmigh t  planine; 8wfacas are 
investigatad. For such s m a c u e  the t o t a l   r a s i s ' h c e  n W ,  f o r  a gipetn 
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81, Schrijder, I?.: DsternLnatim of E e s i s b c e  md T r W g  Moment 
of PlanLng Water C r d t .  NACA ?IM No. 619, 1931. 
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It should be not& tihat a large asnount of basic p1turin.g data 
ie included. 

84. Perring, W. G. A . ,  m d  Johns'ton, L.: Eydrodynmtc  Forces and 
Momonts on a S f q l e  Plmiw Surface and on a F l y i n g  Boat 
Eull. R. 8 M. No. 1646, British A.R.C. , 1935. 
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of &Lotted bledes under cavitation was desired. The 1wsul te  of t e a t s  
shoved that slotted blades d i r e c t l y  c&we cavitation and produce 
chamcterietics almost  opposite to those anticipated by t he  author 
a.n& to those generally regxired. The slot ted profiles tested were 
also in fer ior   to  the orlgimd. Clark Y profi le  vitb respect to the 
degree of varriatlon in angle of attttck for mfnimum @;lima coefficient. 

104. Coom%ea, L . P . , and &vies, E - T . J. : Note a~ the PosBibiUty of 
Fi t t ing  rrydrofoils to a Flying Boat H u U .  Rep. No. B .A. 1440, 
British R .A .E., NOT. 1937. 

105. Weinig, F.: On the Theory of EydrofofU and Plan ing  Swfaces. 
NACA No. 845, 19%. 

' The hydrodyne;mic properties of hy&rofoils anit glaning surfaces 
have been inverrtigatad under the aae l lmpt im that airfoil  theory is 
applicable if the free water surface ie introduced a~ an addltimal 
boundary condition. 

The problem of the Q d r o f o i l  hao thorefom been studied in 4x0 
diIiIenslme br fnvesti@tin$ iAe influence of tbe free water surface 
on a corresponding a i r fo i l ;  lift and umff'ictenta have been 
caaputed a8 a function of depth of submorsim. The plmqtng problem 
heta been considered and t h e  fundmental characteristica have been 
calculated. on the original supposition. Methods eird.l.ar ko ek;oee 
used in a i r f o i l  theorg m,y be cppUed for  the calculation of 
pressure di8 t r ibu t ims .  
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Preliminary tests wore -.e 3.n Langley tmk no. 1 .to inveetigate 
t h e  hydroQnmdc qualit ies of 8. etreamlfne body of YeVolUtiCm of a 
f inemas ratio of 3.14, both &one md'witil a lifting h y b o f o i l .  Tho 
hflrofoi l ,  supported below tihe body by means of etrute that gave t h e  
effect of end plate6 8t the tips of t h e  hydrofoil, had a chord about 
48 percent of the maximum Iliameter of the bay, an aspect ra t io  of 
2.92, and a dihedral -.e of 30°. 

108. W a r d ,  Kenneth E., and Lmd, Normas S . : PrelMw.g. Tests in 
the NACA Tank t o  Investigate t h e  Fundamental Characterietics 
of EyduofoilEl. NACA ACR, Sept. 1940. 
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7c P - PD 
2 9 

CL = - a 

112. Bornburg, F. L. : Re-port on t he  Use of Eydrofoib to Assist t h e  
Take-OfI" of the PBX-3 Airplane. Hop. No. E-29-013, 
Crmsolldeted M?craTt Corp., 1943. 



1. Greeter gey load .. 



Eyd.rofoils extend bclm~ the bottom of the boat and. msy become 
fouled by debrts. Tho h;-drofoile must be c a r d u l l y  designed 
e t ruc tv . ra l l y  to prevent breekhg at i ~ L g h  speeds. Special care must 
be Gven to t h e  choice of hydrofoil. section and &a@e of af;.t;ack of 
t he  lower hydrofoils to maintain high efficiancy. 

At high speeda the f o m  ,floats plmed. Tke hydrofoil 
l i f ted  t he  h u l l  and the nodel pivoted about t he  9 ommd floats, BO 
Wt the angle of attttck of the h w o f o i l  was reduced 8 8  t he  speed 
increeaed. 





Tests made at the br@.ey "canhs to datmznfne the charactoristfcrj 
of hyikrofoils of var50us sections have proved to be of coneiderable 
interest In the design of blzdes of' ship propellers. Test6 have been 
made of two hydrofoils of plano-convex (ogival) sect2on with 2-- 
and 6--percent chord thickness. 

1 
2 2 
3 
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t 





B@w 1 

Bow 1 

r ? .  " . 

(4) Effect of increasing height of bow 

I n c r e a s i e  the 'height  of t h s b o w  decreases the trim, incresses 
the resistance a t  iow speeds, results in a t*dirtiertt hull, and has 
a s m a l l  adverse effect on the afr drag. 



( 5 )  Effect of increasing height of stern 

( 6) Effect of fncreeeing m@e of dead rise at bow 
, .  
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R o u n i i i ~  t h e  chinee at the bow rse17.lts in very 2oor spray 
chazcteriatics i n  szlooth water md probab1:- woulC be inpracticable 
in rough weter. 



122. Tmscott, S t a m ,  md Dawaon, Jaw R.: A Compx-lsm of t h e  
Results fron General. Tank Tests of I./& and l/l2-FuIl-Sizo 
Models of the  B r i t i s h  Singapore ZIC Blying Boat. NkCA 
TN Mo. 8 9 ,  1942. 
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HMrl0uy"TCs 
Steady Longftudfnal Forces and Bkments 
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134. Baker, G, S., and Hcary, E. M., i i ~  Conjunction ~d.-& Cqt. 
Gundry and Lisut . Eackforth: Experimsuts with Full-Sized 
Machines. First Series. R. & M. No. 473, Br..?'.tLsll A.C.A. 1913. 



Specif5.c free-tc+trb tea ts  were nab a t  the Villiam Roude 
. Rational Tank of several models haviw different forebody b e m  to 

. determine the effects  of gross load and be=; on r e a i e t m e  arid 
. .  . . seaworthinees charac tel-iatics . 

. r  

.For a given beam inc.reasing the gross load fncre-ed the 
hump speed Blightly. W€th increasing groas load the load- 
resistance r a t i o  increased at speods leas  than and decreased at 
speeds greater than hump speed, and We trim'decmased at speeb 
less than and increased at speeds greater f.hk.n I n q  speed. . : . .  

For a given gross load increasfng the beam decre~sed the hump 
sped, fncreased the resistamo at and leas then hump speed, and 

increased the 2wsistaSce. 
' increaoed the trh. A t  high planing speeds incmeaing the beam 
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137. Bakar, G. S. , md Keq, E. M. : Experimm.te ui% Modele of 
FlHng Boat Hull. Sixteenth Series. R . & M. Wo. 472, 
B r l k l s h  A . C . A . ,  1319. 

Specific free-to-trim resistance t e s t s  of mdels of two fb-tq,- 
boat hull8 having a grosa Wi&t of 32,000 pounds -re mde at the 



Second Series 



140. Baker, G. S. : Exgerimnts v i t h  Mcdels of E.ea?Lule Floats. 
Sixth Series. R. 5: 14. Wo. 165, B r i t i s h  A.C.A. , 1919. 



. .  . :. 
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moss weight. The maxjmm effective horsepower increased approxi- 
mately with t he  gross wight. 

144. Babr, Go S .  , and Kemy , E.. M. : Exgerhnenta -it21 Models of 
Seaplane Floats. Eleventh Seriea. P w ‘ h  I and 11. 
R. eC M. No. 300, British A.C.A., lpls. 

Part I 





149. Locke, F W. S., Jr . : General Rosiatanco- Tests on Flying-Boat 
Hull Modela. NACA ARR No. 4Bl9, 1944. 
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154 Parkinson, John B . , Olson, .Roland E. and Homo R u f u s  0 : 
Eyarodynanic and AerodyrvunZc T e ~ t 8  of a Fs;mf9 of Models 
of Seaplane Floats with V a r y i n g  Anglee of: Dead Rise. - 
N.A.C.A. Modela 574,  ??(-B, &nd 57-C. iWC..\ TR No. 716, 
1.939 

.. . 
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161. Bladen, D. E. : Method of Computfng Ccwresg 
and Resishncea of Planing Bodies. R q .  
c r a f t  C O T . ,  Dec. 23, 1 g U .  

L 



97 



NACA RM rfo. L6I13 . 

. . .  



99 



100 - IWA m WO. ~6113 





102 



IOACA RM No. ~6113 - 



104 - 
174, Baker, G. S., and M f l l a r ,  G. E.: S m e  l3qer??nts i n  Corymtdon 

with the Design of E'loats f o r  Ey&o-Aernplanea. With an 
Appendix on Testa in -the Mind C-1 to Determine the Wind 
Forces on Hydrdbropletne Float No. -4% 'by L. Bairntow. 
R. & M. No. 70, Br i t i sh  A.C..A,, 1919. 

' Testa of a flat  planing surface were &e at tho  Wi1U.a Fmude 
ITational Tank +A whioh the U f t  asld resietaslce were measured at 
Vai.iOUS fixed values of draft, txh, and sped.  Tho 1ift"resiatanae 
r a t i o  wa~ f m d  t o  decrse.se with increasing trim (above 4') and- draft. 

Specific fixed-trim t e s t s  of several modela of floats for twin- 
float eeaplmbnea wlth t a i l  f1oa.l; were aloo made. Tests at one speed 
&owed that the distasloe between f 10a.t~ on one eSpe of twirtif1oa-b 
seaplane had practicdJy no effeot on -mslstance ox xLse. F l a t  
bottcans m d  RtraigPlt keele were founcl to 'be more e€%Y,oient than. rounded 
bottoms and convex keele. Flocto w i t h  a tail (afterbody) and a s tep 
give & smaller, dis.t;ance between the oenter OP buoyarioy at rest and 
the center of pressure at hi& a p e d  than that of floats without a -1. 
It is of m a t  importame that as the  floa-t 3-3688 nothing Ehould pre- 
vent t318 a m e m  of air to the step. Step ventilation, produced by holes 
f r o r m  the top 02 the float or br '*rnudgmrds'' whioh prevent the water 
from o l l n & n g  to the vertical sfdes near the s@p, successfully allowed 
air t o  flow t o  the atep. 

Model 

made 

picture8 were talcen of .the spray and ecrme photographs a r e  fracluded. 
_1 

U 



176, D817son,  Zohn R. : A Specific Tmk Test of a Model 05 ths H u l l  
of the Bureau of &rcnautlce Design 182 Flying B e a t  - 
H.A.C.A. Model 96. N C A  HI, Bur. Aero., A s r f l  14, 1939. 

178. PmkFnson, J. B., end Olson, R. E. : Sp0cir"ic Tenk Testa of 
Two Mo&els or" Floaze for th6 SB2U-3 and m2U-I Seaplanas - 
H.A.C.A. lbdals 106 and lC7. WEA MR, Bw. Aero., 
Jan. 17, 1930. 
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The MACA &del l l -B ,  whioh has a langftudimlly concave pLaning 
bottom forward of the step; was teetsd in Langley tesk no. I m r  a 
wide range of loadings. The results of the b e t a  a m  presented a8 
curma of resistance Md trimning moment plot ted againat speed for 
various trim and as curms of best trim and res-ls.tanco and t r fming-  
lllcanent coeff icitenta a b  bast trim plottea against qeed cceff iclent. 
The characterietics of tlie form' at the opt- trim are campared 
with those of IWCA model U - C ,  which ha8 the sama form with the 
exceptfon of a planing bottm ltzn&itudinaX& strafght near the 
step. Photographs of. the mOaels being towed in t he  tanlr are 
included for a compmison of the Spray pattern. A discussion of 
possible ef fec ts  on longitudinal. stabilfty is included: 

r 
6. 

" 
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189. AlUeon, John M.: Tank Tests of a Model of One H a l  of the 
Savofa S-35-X T 1 - a  B o a t  - B.A.C.A. MMel 46. 
NACA TN No. 635, 19%. 

190. U s o n ,  John M.: Tmk Tes-ka of a M o d e l  of t he  Hull of the 
Bavy PE-1 Flying Boa* - .X .A.  C .A. Idodel 52. NACA TN No. 576, 
1336. 
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EYTlROljYmAEsICS . .  

Steady Longitudinal Forces and Moments 

with resulte from b a t e  of more conmntional hulls. Incrnat3ing the 
angle of dead rise from 15' t o  25O llad l i t t l e  effect on the h m p  
resietazx3a, 'increased  the resistanca thr0ughov.t the plQning rawp, 
incwtmed the best trim, roduced the maximum pos i t ive  t r m n g  momnt 
required to obtain beet trFm, and had but a slight effec't on the s p r g  
characteristics. For approximately the eane angles of doad rise the 
resistances& the pointed-step hulls were confiiderably Lxmr at high 
speeds than those of the more conveational h u e .  

. The available infomation on twln maplane floats f a  presanbd 
In a discussion based upon nuzzlsrous model tea ts  in the HSVA tank 
(ILamburg) Rnd sane full-eoals tcssts on the Starnbarg l a b .  The 
various topics include (1) scalo effect,  (2) s ~ p e  of planing 
bottom (essentially dead riBa), (3) shape of tho step, ( I C )  doter- 
minatlon of distance between floats, (5) m u v a r a b i l i t y ,  and 
( 6 )  spray. A description ~i' tho method of plot t ing resistance data 
is also prasented Ebad oxplafnea. 



c 
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208 Shoemalrer, Jams M.: Testa of Model. of E&o Flmf; KO. 38-3430. 
NACA ME, May 4, 1934. 
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214. Truscott, Stasrc, and PasMnam, J. B.: The Increase i n  Frictional. 
Resistmce Cawed by Va~ious 'Ipspgs of X v e t  Eeade as Determined 
by Tests of Planing Srirf'aces.. ' WACA TN No. 648, 199. 



t 

. 



resistance. The t e s t s  Lrd.Ica+md tbat the  effect of r ivot  hoe& 011 
t he  t a k e - d f  pexformmce o f  8. relatfvely hf&!-yclwered flat seaplane 
56  of l i t t l e  consequence but that the effect m y  be of greater 
importance in the caee of more moderateAT powered f lmt  s e e n h e s .  

Steady 1,origittadbal Forces and Moments - Nomnt 

. 



2a. Shaw, R. A., Smith, A.. G,, MmrLs, W., and Evens, G. J.: An 
Investigation of .the Water Performance of the Surderlmd 
Fwng B o a t .  Bey. Po. K/%es/l36, B r i t i s h  M.A.E.E,> 
Jan. 8, 1940. 
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The n o m 1  acceleration was mcaured. at s0van positions and the 
longitudiml eccolerstlon at two of t h e ~ o  p o s i t i m .  At one position 
four  acce iarmters  of different freqxencies w e m  f i t t e d .  A gyro 
pitch recorder wha fitted to recortl ths change of attitude during 
inpact and *can this rocor6 the 8ngple.r acceleration has been deduced. 



222. Shaw, R .  A.: The Effect of Accelemt3.m & the Jkcg of the 
Sunderlard EU.. .Rep. Eo. E/Res/l36 . A o t  Bri t feh  M.A.E .E., 
Oct. 1, rg40. ' . , .  



223. Jones, E. T., and B l u n d e l l ,  R, W. : Force and Pressure Measure- 
ments, on V-Shaps on Impact w i t h  Water Crmpmed w i t h  Theory 
and Seaplane Alighttng Resultg Rep No. F/Ree/l07 I 

i3rTtish M.A.E.E., Jan. 28, 193l3. 
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NI?CA RE! No. ~ 6 n 3  - 
a = angle of incidence at *act 
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225. Eichaudaon, E. G.: Expect on Weter: A Sumnwy. Xep. No. 
H/Lm/Bss. 24, British M.A.X.E., Jm. 4, 1945. 

- 
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229. Abel, G. C.: Water Tests on a Suniterlmd. Flying R a t .  
Ble l t i eh  M.A.E .E., Sept. 4, 1939. 
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235. Locke, F. W. S . ,  Jr.: Inveetigaticx~ of Wit;rn Pressures and 
of the Effect of Ste? Ventilatbn an a Seaplene H u l l .  
R e p .  N o .  173, Stevent3 Inst. Tech. Dec. 14, 1941. 
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recordad Wing teb-off  and Mng in E, r o o t  30a. 
2 .  
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245. Locke, F W. S . I Jr. : "GeneralH MainSpray Tesp;S of Flytng-Boat 
Modela in the Displacement PZuqp. NACA AHR no. 5A02y 1943 



NACA RM No. L613 

246. Oleon, Roland E.: Investigation of the Ef'feot of Spray Strips 
on the Low-Speed Spray Chmaoteristfcs of' a l /$-Size Mudel 
of t he  Consolidctted PB2Y-3 Flying Boat - mclcA M a l  U&-3. ' 

NACA MR, Bur. Aero., Jan. 27, .1943. . .  

B'ecauee of the excessive spray in the propellers of the 
Consolldabd p82Y-3 flying boat a t  loads heav-ier than the original 
design gross wefght (56,000 Ib), various spray s t r i p s  wera installed 
on a powered dynamic m e 1  and investigated t o  determine the most . 
prac ttcable a;rran@mnt. 

It w&s found that results fran investigations of' the spray 
characteristics with models are subject ta an apwciable error if 
%ha effects of slipetmam.on the spray pattern are not included. 
Spray strlps-were devaloped which-successfully eliminated the spray 
in the propellers at load6 up to 72,500 pounds. 

247. Trueoott, Starr, and Daniels, C h a r l e s  J.: Investigctian of 
the Effect of Ventilation on t he  Flow of .  Water over a 
Romdea Chine. XACA Rff, Feb. 1943. 

In aerodynamio terste a flow of a b  across the sharp chines of a 
conventional f l y a - b o a t  hull, which m e  probably responsible f o r  
considerable a T r  drag, was. noticed. An investigation w&a made to 
determine the possibflity of replactng the conventional sharp chine 
of a hul l  by a rouadad smf&e'fn which the desired eeparation of 
the water at the chinn during take-off and landing is induced or 
aided by ventilation of the chins. (See fig. 1. ) 

L""h 
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EYDRODYNAMfCS 
S p m y  and Wake 

by (1) increasing, the hull Length and eapecfally the forebody length, 

t 2) increasing the '*sharj?neaa" of the bow l i n e 8  below the ohins 
3) increasing the static trim when the bow form is such that 

relatively bad spray otherwise occws,  and (4) decreasing the water- 
borne Imd. These changes are l i s tod  approximately in the order of 
their 1133portmce from the point of view of redwing spray. 
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KYDRODyMAMiCS 
Spray and W a k e  

2%. Brooke, H. E,: S u m m y  of Qmmic Tank Teste of the 1/8-~cah 
XP4Y-I with Spray Strips. Rep. No. %E-31-018, Consolidated. 
VUtee A b m f t  Comp., Aug. 1943. 

Thfs rapart gives & 8- of the results of :he test6 reported 
in abstract 258. . .  

259. MacPhall, D. C , , and Tye, W. D. : The Waves Gloae behind a 
Planing Hull. Rep. no. Aero 1992, British R .A. E., Bov.' 1944. 

A number of caees have arisen in which larm amplitude high- 
a p e d  porpoieing of' flying-boat model6 seemed to ka seriously 
8ggrmated by inopportune etrikine; of the rear step on the surface 
of the trough behind the main step. In order to predict such 
occurrence, the s h p  of the tzou& should be Imam. 

A review of a number of the existing solutions f o r  the tmas- 
verse waves behind 8 planing surzace is glvBn, and the fmportancs of 
hiverging W & ~ B  over transverse mvaa at planing a p e e d ~  is  pointed 
out. An approxiaata eolution is evolvad and is c q r e d  w i t h  experi- 
mental measuremeate. 
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Calculatium of tlhe pitch 
m e  presented in the appe'lidix. 



c 

the effeot of the position of the oenter of gravity and the m e  of 
landiw an the poqoising m%tiion, and to detazmLne the effect of one , 

change in the second step and necessarg ohanges in the JE& step upon 
the water pe+rfo;.maJlce. Tes-tfs were made with and without hydrostabl- 
l i zers  (etub wim) . A few accelerated ZWE. were =de t o  shaw We 
stability  oharmteriatice f o r  EL simulated take-off. 

The hysCerssis effect in t he  upper trim UmIt of stabiliw W&EI 
discovered and the phencanenon was dlsouae'ed. The hysteresis ef'feat 
In the upper trim Umit was present f o r  a l l  models except those 
having tho deepest steps. 

The position of t h e  c&te% of gmvity had Xttle or no ef3ec-t on 
the trim &nits of st&biUts. but ch&lqed the avaih3le trlm, . .  

Deflecting fihe f laps lowered both trin limits of stabi l i ty  but 
produced a diving mmoaL whtch with a. #veri mount oln aerodynamio 
control  made the upper "t more dlff icult  to define. . 

Vhen hydrostabiJ.izem were used, %he lower UmLt took. the form 
of two ourves emloeing a ranall unstable area in which the  amplitude 
of porpoisinf: was never large. The uppr of these two curves was 
about t h e  sane a8 the uume for the lower limit WLthOlzt the hyb 
stabilizers. The hydroeta;bilizere tended to increase the  hy8teresI.s 
effect fn the upper t r i m  limit of stability.. . 

. . . . .. . 



277. Locke, F. .W. S . ,  Jr., and Hugl.1, W. C., Jr.: A Method for Studying 
the Longitxutlnal Dpmnic Stability of Flyhg-Boat-Hull Models 
a t  Hi& P w n g  Speeds and during Laslclitlg . mACA AHR No 4H31 , 
1945. 



(See also abstracts 262 ana 400.) 
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287. Naylor, P . E . : The Effect of Weight Variation  on t h e  Vater 
Stability,  'prfm and Elevator Effectiveneos of a Sunderland 
111 Abcraft duriag Take-Off and Landing. Rep. No. H/Ees/l7l, 
B r i t i s h  M.A..E.E., Feb. 19, 19h-b. 
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291. Perriag, W. G. A., asd Extchineon, J. L.: Full Scale and Model 
PorpoiRing Tests of the Singapore IIc. R .  & M. No. 1712, 
B r i t i &  A.X.C., 1936. 
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299 Tmscott , St%rr, and OI.san,  Roland E.: The h l g i t u d b a l  
Stabflity of F l y i n g  Boats  as Debrmlned by Teeta of Models 
in  t h e  NACA Tank. II - Effect of Vmiatiw-8 in Porn of Eull 
on Longitudinal Stability. NACA A%, Bov. 1942. 



.... 
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302. C-rtr, T. M.: A Note on the Water Stability of -the 
. ComoLidated PBY-5 (Catalina) Flylng Boat .  Reg. No. H/hes/L86, 

3rftish M.A.E.E., Jan. 22, 1945. 

It m a  found that at them wai@;hts, both in We-of f ,  and. 
landing, the  aircrafG is ~ n s t a b i ~  with the et ick neutral.: A em11 
b a c - m d  diaplacomnt of tha stick f r o m  central !a 8ufficient to 

. *  
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HYDRODYNAMICS 
Longitudirusl Stability m r  Way - Stabil i ty  C h a r m t e r i s t i o s  

(4) The cushfoning  effect produced on the full-scale seaplane 
by plugging the ducts at the entrances infliae the hull was not found 
in tne mobi tests. . 

305. Smith, A. G., and TrJhite, E. G. : A Review of Porpoising 
Instrtbility of Seaplanes.. Rep. No. H/kes/l73, British M.A.E.E., 
Feb. 29, 1944. 

(1) Forebady, associated with flow o-r the forebody near the step 

(2) ForeboQ-afterbody, associated with flow over the forebody 

(3)  Step instabi l i ty ,  associated w i t h  “sticking” of the afterbody 

An extensive bibliography 5 8  included. 

and the aftor 20 to 30 percant of tha afterbody 



. .  
285 



308. mcke, F. W. S,, Jr.: Systalnatic bIod.01 Expri.mf)nts on W 
Eydx0dymm.i~ Charactsrietics of Fuing Boat 61UllS. EfTect 
of Change8 of Mterbods. L r w p i n g  on Porpoieing and Resistance 
Charebcbrietics. Rap. No. 196, Stavma Znst, Tech., 
Oct. 23, 1942. 
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HYDRODYIWMICS 
Longitudinal Stabflity Thdesc Way - Stability Characteristics 





Flcat - w b g  arrangement 



33.4, 
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ElYDROJ3ymAMzCS 
Longitudinal Stability TPnaer W a y  - Stabi l i ty  . .  Characteristics 

resulted In fafrly eatisfactory agreemnt with the  behavior of the 
normal mociel e,nd might be an acceptable procedure for modele that 
do not possess true Qnmic  similarity. 

The results of t b  t e s t s  indicated the following conclusions: 

1. The o r ig ina l  design m a  found to be danmrow becawe of 
vfolant yawing end porpoisiw at akout half get-amy s-pod and 
therefore i8 not reconrmsnded for full-size operation on the water. 

5. The addition of cMne flare lowerod the spray pattern an8 
increaaad the yawing stability. 



WCA ~ipl EO. ~6x13 . - -: .. . 1-93 





3%. Parkinson, John B. : Tank Tests of tha 1/8 2ull-Size Dynamic 
Model of the Consolidated Model 31 Fl- B o a t  with the 
Forabody Lengthened - W.A.C.A. Model ll0-L. NACA Bupp. MB, 
Consolidated Aircraft Gorp., ~une 13, 1940. 

Teats were made of a -size dpamic model of the Consolidated 
i 
8 

model. 31 flyine; boat v i t h  the f orebody lengthened by increasiw t h s ,  

ep&ciq3 of W e  e ta t iom f r o m  bow to step. Thie procedure, . i n  
addition to increasing the length of the planing bottom, d8craaaed 
the curvature of the buttocirs and. the bluffmas of the water lines 
at the bow. The result6 Lndicated that thia mdlficstion had little 
effect on the stable raqp of positions of the canter of grmZty 
a d  that a more imporht ,  effect was an impmvement in the cleatmesa 
of r". 

. .  . 

32l. Llewelyn-Davies, D. I. T. P. : Tank Testa gn a H u l l  w i t h  t b  
Blain Step Faired in Planfomr and Elevation. Rep. No. 
Aero 2029, British R.A.E., May 1945. 



Tim effect of increase in load on the parpoising oharacteristios 
is to raim both limits, w2th a tendency for the upper lmt to 
rfee mre rapiw, but less regularly, than the lower limit. The 
free-to-trim attitudes also r i e a  with increase in all-up weight. 
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330. Milliken, Willfa F., Jr.: Analysis of Lateral Stab i l i t y  on 
tho Water - M o d e l  314 A h - p l a n e  wtth Eydrostabilizers. 
Hep. no. D-2532, Boe- Aircraft Co., 3- 1.9, 1940. 

The lateral stEbbflity of' the B o e i n g  314 flying boat was f e l t  
t o  be marginal at light Q~OSEI  weight and at  water speeds vrp to 
20 milea per hour. 'I"urns Into or  out of the w i n d  cr cross-dnd. 
taxying resultsd in axcessive. angles cf heel. Obsemtiorm of the 
ful l -she flyFug boat indicated that, at tho critical speed8, a 
depression in the later due t o  the bcrw w8.w occwred in the vicinity 
of the etub-wix etabilizer. Both model and full-size h a t s  were 
ntade to aocertain the oauso. h v i o u s  tests  m e  smmrized herein 
and conditions t o  be mst in , tha  dm~~iw of a satibiectory b&o-  
stabilizer are discussad. 



. 

Conclusionq. - 
(a) The shape of the hull  to wMch stubs are attached is 

re la t ive ly  m3nportetnt asd a special desim of hull  ie not requfred 
when this form of' stabllizer is used. 
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333. Pierson, John D. : Direction& Stabi l i ty  of Flying B o a t  ENls 
dwtng Taxiing. Jour. Aero. S c l . ,  vol. 11, no. 3 ,  July 194-4, 
p2. 189-145. 

Increased loading of f ly ing  b a t s  to tho majtinrum operational 
lait has led to a mnswed interest in the direct , ional  stability 
characterist ius of hulls .  Cams have arisen wherein yawing at 
speeds b e l o w  tbe hump hae prevented take-off. AUo, cross-wind 
operation is often fmpossible below h m p  a p e d  b e c a ~ x ~ ~  of weather- 
cocking. A t  the8e low speeds rudder effectivenew is slight and 
unbalanced power would reduce accelerating forces ,  w3th tha net 
result that  inherent directional insWD2lity i s  uncontro1labj.e. 



. 

335. Gott, J. P.: N s t e  on the Dimctional Stability of E b a p b s  on 
t-3.e Flatar. 2. & M. No. 1176, Br i t i sh  A.R.C., 193'1. 



The motion of a f ly ing  boat on .the watsr has been investigELtod bg 
etep-by-atep calculationg. The calculatiom refer t o  two 

hulls. Eoge of the data yere  obtained f r a  exieting tank b e t a ,  
while specfa t e s t e  were mad.e where nece~sary.  
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337. Wenzinwr, C a r l  J., and Bowen, John D. : Tests of Round a& 
Flat  Spoilers on a Tapsmd W i n g  in the NACA 19-Foot 
Pressure Wind Tunnel. NACA !lX No. 801, Z941. 
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in ordm. to msfntain 

From changes k t  
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The. investigation m a  divfdod into tho fol lotr5rg broad groups: 

Conmntional Invosti@;atton without Running P r o w l l w e  

(1) Effects of miscullaneous modifEcaWons, chiofljr on let 
and drag 

348. Gb‘thert, B., and Ribnftz, V. : D3r Luftwiders,tmd von Sckwimmarm 
und Flugbooten. Luftwissun, Bd. 6, Nr. 3, Maroh 1939, 
pp. lOl-lO7. (Availablo a8 B r S t i s h  A i r  Minisky h.anslatmn 
No. 1042. ) 
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AFRODYIOAMICS 
Forces asd p?oments an H u l l 8  &nd Floats 

NACA RM No. L6I13 

a --ecale wlq-hu2.l model and 

propossd mangzment of the 

1 
ko 

Langby two-dhh3nsional low- 

The results of tine wine-hull modal tssts  shomd that  tho 
incidanca of tho 3ull h&d as. apprsCiRbla affoct  upon the 
of zaro lift, the elope, and the mximm llft characteristics. 
Minor modiffcations t o  tho h - 0  had little sffoct on tho Ilft char- 
acteristics  of tha I U O ~ Q ~ .  

The m b l  as ori@raaUy tested showod unuamUy l o x  .hag 
coefficients f o r  all nagles of incidenca, and tho addition aE' R step 
fairing lowerad thoss drag ooefffcionts 7.5 porcont. Tbs addition 
of wing f i l l a t s  caumd onlq small cplangos in &&g. The ad.dsd chine 
f W  caused mall. inuroase in the drag ccmff icients of th is  modcl 
in t h j  high-spod copdftion. A modarete incroaso in thu drsg cmf- 
f i c i en t s  was obtainod with transition flxad just aft of tlu bow. 

The results of tb f l o a t - s k u t  modal teats  showed that chan@8 
in incidence did not apprec"rably a f f o c t  the i t rag  coefficients of - . 



A?3RODYPJAMICS 
Forces and Maroents on Eulle and E'lmta 

353. D i e h l ,  Walter S.: Tests on A i r p l a n e  Fmelages, Floats and 
Hulle . JXACA '3ep. No. 236, 1926. 



218 - W A  RM No. GI13 



.. 





c 221 

1. The leas the "'tation of the l i f t ,  drag, asd pitching- 
mament coefffciants with ths mgla of atLtwk a and of tha lataral 
fmce,  the drag oceff fcfent, and *e yawing-mxmnt coefficient 
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i 

For tho reason of asymutry of thij model aad %ha prosonce of 
Cut-outa, windshields, radiators,and stepe, thore is h pair of 
forces giving in some caeee a 2osl t ivo Ebnd in  sane casos a nostive 
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UPESATlOpJ 
Pilot ing 

364. Anon.: open Sea Seaplane ,@orations. Rescue A&-fiaom Memo. 
No. 066, A i r  Sew Reac-im A@my (Washington), 1945. 
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Lnstructians are given f o r  pilota cn the operatioa of seaplanes 
while on the water &nd in the air. The topics discuesed i n c l u b  
nomenclature, taxying, sailing, approach and departure, taka-offe, 
landings, and cro~~-country seaplanes flying. The topice are 
discussed In SOB de ta i l  ELnd an attany?t 18 mada to Fnclude all 
conditiom wdar which operation might be mceesary. 

Three atti tudes for -Fng ara discussed: idl ing (speed lees 
than 8 mgh), ~ B B  up, and p-. In tha f i r a t  two attitudes 'the 
control nhould be held full back. ~n order to s t a r &  planing (weed 
between x) and 30 mph), the control fs held full back and throttle 
opened e d e .  As the 8e€@Etne shows a tc,ndencx to rock over 3n the atep, 
the controls should  be moved form& to neutral or sommhat folward 
of neutral. During plaJring a vary &f&t back prassuw. should ba 
hald. A tendency to porpoiw should ba corrac-d by back prassura 
on the controls. Turns B'G planing speegs should be made oautiowly, 
especially if win& exceeds 40 miles per hour or if wavae ma high. 

As a general rule if the wave height exceede m-f if t h  the 
lengzh of ';he floats, tak8-off should not be at'cElqbd except 'by 
tha m o s t  expert aaaplme pilots. For tab-ofz e s e y  wa+&r, 
"rocking'! t o  get on the @ap or trucylng acrcss the wah of surface 
boats ie advocated. It i's stated t h t  the wabr rasistanca 5s 
reduced by one-half mar mt-awq if o m  float of a twin-float 
seaplans is lifted out bx m e  02 ths aflerons. 
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(2) For maplanes having groea weimts over 100,OCO pounds, lt+es 
5 miles long and. 15 f e e t  deep, lane widths and basin d i m t e r  to  
be increased to  a lee'ser pwportion, t h e  diameter not more than 
3000 feet  

(3) For seaplanes having gross weights of 10,000 to 40,000 go&, 
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Seaway8 
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371. Davidson, Icsnnetb S. M. :. Concerning a Standard Series of' 
Flying-Boat Bull. Models. 1[M No. 70, Stevem Inst. Tach., 
m 3  0 
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375. Garner, H. M. : Ssaplana Research. Jour. R.A.S.,  TO^. XXXVII, 
no. 274, Oet. 1933, pp. 830-863. 



Results show that cmiderable  lamingr flow prcbably exlste  on 
tank models below a. R e y n o l b  number of 10 . at low speed8 near the 
keel. The proportion of laminar en'- f low decreaees rapidly tonard 
the ohins and can a l s o  be comtderably  reduced by use of a 30 s.w.g. 
wirzs behind. the leading edge. Thls qethod is not readily applicable 
to mods1 t es ts  because the position of the wire would requira alter&-, 
t ion  f o r  ee.c:h t e e +  surditim. The w e  of eand m y  be poseible but 
requires mm t n s t s  50 d.et.31mine a suitable roughmes Etnd a leo  the 
value of the a&?:.tional drag. 

(see ale0  abstzact 172. ) 

3-78. Jacoba, Eastmap N,, and Aljbott,- Ira H. : Experiments with a 
Model Water Tunnel. NACA TN No. , $8, 1930. ' 

A hodel water tunnel bu i l t   i n  1928 by the N&%fonal Advisoxy 
Committee f o r  Aertmwtics t o  Fnvestigate the possibility of using 
water tunnels f o r  aerodynamio inirestigations a t  large scales is 
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381. Cremom, C.: Investigations and Teete in th8 Towing 
Guidonia. NACA 2 4  No. 892, 1939. 

The principal object of the Hydrodj?larmtc Saction a$, Guidonla 
is the investigation of the forms and the e t *  of the .behavior 
of the hull8 and floats of seaplams. Resistance t e s t a  of the 
general type are conducted on f l o a t 8  and hulls and p e r f c m c e  
t e s t a  of' dymx~cally e i s iLar  m d e l n  of specific de~ig~~ are mads 
t o  deteermine the best location of wing .strutsr horizontal tail 
plana, position of the propellers,  etc'., in relation t o  t h e  size of 
the wave formation. The towing basin and equfprnent have been 
diecussed in detail,  oms reaultB of tests  have been given, and a 
sumznary of the type of work - both theoretLca1. and eqerlmental - 
that is under way liaa been p n e n t b d .  

The t o w i n g  basin is 460 meters (1518 f t )  long, 6 maters 
(19.8 f t )  w t b ,  3.50 meters . ( ~ . . 5 5  ft) deap. TVC twin61 
carriages a r e  used, both of which run en pneumatic tires. The I 

larger carria@, which weigh 6002 kilogram (13,290 lb), .is a 
bridge-Qpe carriage. Each of the four  w h e e l s  is poworsd by a 
25-horsepower dh-ect-current eloctzic  mtor, Ylth th i s  power, th0 
cazrlage can attain a mimum a p e d  of 20 meters per second 
(65.6 fps)  and a m i n ~ m ~ l  speed of 5 c e n t a t e r s  per  second 
(0.164 f p s ) .  The tsmaller carriage, whfch wei@s.200@ Bilo@%ms 
(4400 lb), is a monorail to- carriage w i t h  one OF two para l le l  
cantilever arm, which extend t o  the center line of the tank and 
a t  the end af which I s  suspended the mcordJng appamtus. The 
carriage run8 on three wheels -and ha6 'a 100-horsepower motor wi th  
which a .speed.of 40 meters per second (131.2 fpa)  can be reached 
withln a minimum interval of 10 seconds; intermediate speeds can 
be obtained. by fine regulation. . A do~presseil-air catapult 16 
available for use when very high speeds m u s t  be a+,fafned in the ' 
shortest  possible tW. With a mxi;num presetare of 50 atmospheres, 
a speed of 100 metera per second (328.1 fgs) may ba a t t a f n e d .  . 

The forces are  measured by. a three- or six-cmponent hlance. 
The hydraulic wit that ie .wed in the -dynamr?me-t;or Indicate8 loads 
&e high a8 several  hundred kilograms with  extremely mall e r r o r  and 
,with a negligible deflection. 8 .  
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Tests of motor boats and torgado-shaped bodiee are briefly 
discussed. 

382. Truscott, Starr: The N.A.C.A. Tank - A HighSpeed T W a g  
Basin for Testing bbdels of Seqlass Floata. NAC4 Rep. 
No. 470, 1933. 

A description is even of the Ugh-speed towing baein of the 
national Advtscry C u m i t t e e  far Aermut i c s ,  usually referred to 
a8 Iangley tank no. 1. The purpose of t h i s  piece of equLpent ia 
t o  enable the cormnlttee t o  provide Znforrmatdon and data regazding 
the p e r f o m c e  of seapla-=s on the water analogous to the i n f o r m -  
t i on  f w P l a h e d  concaming the performance of airplanes in the air. 

The tank and Its equipment, together with the method cf opera- 
tion, &re described, and the t p  of work done is Llluetrated by 
data from tm typlcal t e s t a .  The f l rs t  teat to de-erzine the 
effect on the take-off performance af a model of a flyLng-boat hull 
of f i t t i n g  the step with "hwkd' af thrae d43feren-L heights, and. 
the secona, t o  deternine the s f f e c t  on the --off performance of 
the saw model of f l t t l n g  t?? bottom j-mt forward of the main step 
successively w t t h  two and t h e e  flutes of two differant d.epths. In 
each m a 8  the perf'ommce with the altemtfons i s  coraparad with the 
performance of the mdel w i t h  EL ?lain bottoz. The Bistinctive 
d i s c o n t ~ ~ t i e s  foUTd in  the qmed-resistance curvea a t  h m p  aped  
are a notable feature of the results of these t e e  t e  . 
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384. Smith, A. G. : Proposals ' fo r  New Seaplane Mcdel Testing 
Faci l i t ies .  TITNO. Aero 1543, British R.A.E.., Ncv. 1944. 

The cam for new seaplane testing facilitioa ie exmined and 
proposals made f o r  a new s e a p m  t e s t i n g  teak. appeMfx 
added on a desi- f o r  a groposed new ditching -tank Tor free- 
f l i g h t  landing tests of seaplanes and landplanee. 

A new maplans tank is p3?0?08E~d that will fie 6000 f e e t  long 
by 25 f e e t  wide by 7 f e e t  deep. This tank should lmve sqarats 
bridge-type  carriages f o r  resistance-model and d;.namlc-model t es ta ,  
the first t o  be run on s teel- t i red wheels, the secollE on pneumatic 
rubber-tired wheels. Both camiaws should attain an opra t iona l  
epeed of 100 f e e t  per second md a reserve a ~ e d  of 125 f e e t  per 
Becond. The carrfag3s.would consist cf faired opm-ended boxea i n  
which correct air-flow condit-ions could be sbtained. A workfng 
v o l m  9 f e e t  deep, 25 feet wide, a d  3C feet Ian@; would be provided. 
The normal dpmmic and resistance models would be made with a 
10-inch beam and the  apecial resistance nrodels would  be made wtth 
beama as large a8 30 inches. 
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MascFnum w e d ,  fps  . . . . . . . . . . . . . . . . . . . . . .  90 

Working accelaration of c m i a ~  . . . . . . . . . . . . . . .  0.2g 
&per lbit of acceleration . . . . . . . . . . . . . . . . .  0.3g 
Length of tantc, ft . . . . . . . . . . . . . . . . . . . . . .  3400 
Width of tank, ft . . . . . . . . . . . . . . . . . . . . . .  18 

.Duration of mxlrmrm speed ccrditione, 880 . . . . . . . . . .  20 

k p t h  of water, ft . . . . . . . . . . . . . . . . . . . . . . .  6 - 
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cbntrol of bot3 the steady s p e d  and the- rate of acceleration 
of the carriage is recommended. The advan-ge of a carriage system 
that permits tests a t  constant draft l e  stressed. A form of tank 
design is proposed that w f U  redwe carriage weiat t o  a minimm 
and at the earn time eliminate any serious d i e t u r w c e  t o  the air 
in the neighborhood of the model under test .  

387 . Coombes, L. P. , Perring,. W. G. A., and. Johnston, L. : The Use 
of Dynamically Similar Models for Determining the Porpozsing 
Ckbaractsristics of Seaplanes; R. & M. No. 1718, British A.R.C., 
1936 

The methods of te0tFng dynamic model8 and .the apparatus used 
at the R.A.E. tank m0 discussed. 

The results of a wind-tmel investigation of the air flow 
about the  carriage  Indicated that  the m o d 3 1  should be towed from a 
point several feet  in f ront  of eke carria@. A l t h o m  the change 
in air veloci ty  dm t o  the carr:age is negligible, the dommsh in  
the neighborhood of the wing6 and tail neoessitaks an :ncraaso 
in  the angle of incidence of these Eterodymmic surfaces. For the 
usual t e s t s  the models are free. t o  rise and t r i m .  but are re8traZned 
in  roll and yaw. Accelerated We-of f s  are often omitted as they 
are considered of little importance , and landing testa, with  the 
equiplnent .described are not  entirely mtl8factoqr. 

The models a m  lMt& in span t o  7 feet and m y  be further 
limited in size by the top speed of the carria&, which is 40 f e e t  
per seco~@. The hulls m e  co~atructe& of hcllowed balsa, strengtbned 
at the chines by aluminllm spraying. The structure is kegt as, light 
a8 possible to obtain scale trimdn6 mmnts of Znsrtia. It la 
believed that, although aerodynamic surfaces are necemzwy, t h y  
need not be accurately reproduced. Simplification of ccnetrmction 
has been accomplid-md by: 

(a) U& equivaent  r e c t a n w  wings of constant section 
In place of w i n g 8  having o the r  pl-&n forme, mapback,  taper, or 
dihedral . 



388. coombes, L. P., Perring, K t  G .  A,, Bott le ,  3. w., and 
Johnston, L. : Tssts on the Wall Znterfsrsnce and Depth 
Effect in the R.A.E. Seaplane T a n k  and Stele Xfect  Tes t a  
~n Hulls of Three Sizes .  R. & M. MQ. 1649, British A.R.C. , 
1935 - 

Purpose of invest1mtion.- The new tanlr bu:lt a t  the R ~ y a l  
Aircraft E s k b l i s b n t  for seaplane research and development ie 



attitude, and rise were me53 a t  all epeeds to  the take-off speed. 
The ef fac t  of applied moments wae investigated a$ selected speeds 
and the spray formation was photographed. 

' A canrparison has, been made between tha results obtained during 
these ca i ibra t ion ' tes t s  and some s w l a r  t e s t s  mad3 a t - t i e  Eiasnburg 
tank. . .  

Conclusions. - 
(a) Wall Fnterference. - The image method used appeared t o  be 

quite satisfactory. The effect  of the w a l l 8  on the resistance and 
running angle was negligibLe, the only masurable difference occllrriw 
in the rise of the model. This difference was small and wculd 
not be of any practical  iqortance.  It was concluded that the 
R.A.E. tank was wide enough to t e s t  seapla,ne modela up t o  9 feet 
i n  length without r i sk  of side-wall  interference. 

(b) Depth effect .-  The tests showed that thwe  was a daj?th 
e f fec t  in shallon water, which was greatest in  the. nsigkborhocd of 
the limiting speed of' wave propagation ccrreqoxkting to the depth. 
A t  t h i s  c r i t i c a l  speed the drag, a t t i txb ,  dnd ri 88 of' the h u l l  all 
increaeed a8 the  d q t h  of water m e  decreased. At high speeds no 
depth  effect was apparent. The results -re in good.apemsnt  with 
theory. It was concluded that pract ical ly  no depth interference 
would be expected in the R.A.E. tank when tasting se&pl&2168, gro- 
Tided that t h e  model length does not  exceod the depth of water 
available. With models of Isng-th equal t o  twrca the &pth of water, 
Eb small but unimportant depth ef fec t  w ' i l l  occur.at. l o w  sgeed. As 
regards the  full-scale maplane, no, serious depth effect should be 
encountered and any effect due to  the depth ahcud have a ne@;ligible 
influence on the take-off . 

(c)  Scale effect.- The magnitude of  the scale e f f eo t  flsund 
wa8 mall a t  low and high speede and reached a mum at  the hump. 
The re8ull;s were in accordwith the scale effect calculated on the 
asamption that the f low conditions were fully turbulent. 

. 
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The mst effective forme of wave supp&seor developed coneiets 
of wooden f raes  covered with fL& copper screezdng and secured 
horizontally just beneath ,the surface of the water at the sldes 
of the tanlr. With these su~prsssors placed every .W f e e t  a$ng the 
length of the tankj 40 t o  60 test rum a day can be =de. L T h e  
copper screening m e  later rapaced  by wooden elats.'j 

Coqroslisea between good aerotiynmic form and gcod &flrodgnamic 

transverse second stsp t o  the fa i red  knife-edge second step resul ted  
in a ComideraBle imgrovement ia Athe a e r o d p a 2 c  "clemnees. If It 
was found that with a well-desfgned main-step feirmg - that is, 
with tple length lese- khan four t imes the depth of step -sad with a 
man break at thk end of the forabody - the water performanca of 
a f ly ing  boat is satisfactory. Addition of a stsp fairing to one 
of the Short fly- boat8 Fncmased the top a p e d  by approximately 
5 mlles per hour. 

f o m  are discwaed and it is poklted out that chang-g f r o m  the 

In the Short tank the models are towed from a- 2o-t corresponding 
to the propeller thrust axis. The resistance ia measured by deflecting 
B torsion rod which scribes a path on a revqlplng dnnn. The drum 
is turned by a drive from the carria@ wkeels. Rise and t r i m  are 
indicated by a pointer moving on a calibrated mwtfcal plane. 
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Some work vas done ,on a mode1 with an inmrted-V or sled, box. 
It was found that although the spray Ch&r€iCbriStiCf3 were good the 
high air drag and the coanplications in construction and operation 
made it Impracticable f o r  deeign considerations. 

391; Gott, J. P.: Compariacm 'of Reeults of Teste of the Sirqapore I& 
Model H u l l  in Five Tanks. R. & Pi. No. 1785, Britieh A.R.C., 
,1937 

Teste have been mde of  the Singapore IIc model hull in  five 
different tanks: N.P.L., Short Brothers,' Canadian t;anlr a t  O t t a m ,  
R.A.E . ,  and NACA. A comparison of these b e t s  $3 dxff1cul.t; because 
of the differences in tank technique and because the a m  model W ~ S  
not used in a l l  the t e s t s .  In order to make the crnp%?:s& mora 
complete, a new series of tests has been made in the R.A.E. tank. 

. .  
Compakson of the drag masuremnts in varridus tanks: shows 

general ,ag-eemnt but the detail differences ' a r e  considerable. These 
differences ham been at t r ibuted t o  differences in  technique, 

. 



6 

c MACA RM No. ~6113 245 
* .  

. .  

experimental error, and the use of differant models. CoclpeJrLson 
of. the pitching m n t s  measured in three tanb ahm eystematlc 
differences of the order of LO to x) percent. :These differences 
ham not been e,qhined, Recerit exprience s u g ~ s t s  that any 
future congarfeona 83ould be. =de with m~fbl~ 6 or  '7 f ee t  long. 

392 . Locke, F. 'Gi. S., Jr. : A Ccqarfson of' the Porpoislng Chmac- 
t e r ia t ics  of Duplicate 1/30 I-WLS of . the -=-I 
Flying Boat. Rep. Ho. 161-C, Stevens Lnst. Tech., 
Jan 13, 1942. 
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models are balanced vertisa;lly cand horizon-ly about  the center of 
gravity by ballast nefghts, which brine the center of gravity sf 
the h u l l  t o  the chosen oenbr  of gravity of the canrplete airplane. 
The models are  counterweighted t o  provide  accurate  control of the 
load on the mter. The sections of the hull are a u p p r b d  by a 
strongback that  permits removal of any sect.ion or sections an& 
thereby simulate8 flooded cqartments. TrLm and r i se  lneasurements 
are taken visuaUy from scales mounted on the su2gorting cables and 
on the model. lbasumments are ueually W e n  at four canters of 
wavi ty  over  the design ranB, and plots of t r i m  and draft agaimt 
center-of-gravity  positions are preeented. If considerable care 
is taken i n  tk ie  design and operation of the equipment a;ld models, 
the  accuracr of measurement should be within 1 percent. 

394. Stout, $mest G. : Experimental Determination of Hydrodynamic 
Stabi l i ty .  Jour.  Aero. Sci . ,  vol. 8, no. 2, Dec. 1940, 
pp. 55-61. 

The ab i l i t y  to predict Iyp3roQnamic e tab i l i t y%y 80m simple 
experimental mans, analogcms to wid-tunnel testing, ie of great 
importance t o  the mmufac tmr of flying boats and seaplasles. Such 
a method. is outlined whlch involves the testing of a dyaa.nically 
similar tank model. The c lmacter i s t ics  an& construction problems 
of dynawc tank models a r e  considered aa well aa a ppneral discussion 
of the  teeting techn2que. 

While further imprcvemsnts i n  ~llsthods w d ' e q u i p n t  are  dis- 
' cussed, it is conclude& that the preeent development i s  adequate 

for  the determination 02 the range of stability and the proper 
location f o r  the step. These conclusione are substantiated by the 
results of full-scale correlation. 

395. Gott, J. P.: Interference between Air Flow and Water Flow i n  
Seaplane T&nk T e s t a .  TN No. Aero 1460, BrFtFf3h X.A.E., 
July 1944. , .  

In routine  water-resistance  masurements, corrections are 
applied fo r  the  air forcee on 'the m o d e l  and msasurtng. a p p r a t u a .  
These correctlorn &re daterniaed by towing the modal , juat abcve the 
water surface; the air forces and moments nzeasured w e  w e d  as -tare 
values. Tank t e s t s  have indicated that t k  forcee on a model can 
be largely affected. by air  flow around the model and that tha usual 
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396. Olson, Roland E., and Lmd, Wormn S . : The Longitudinal 
S t ab i l i t y  of Flying Boats .as IkteMnined by Tests of M o d e l s  
fn..the NACA Tanlr. I - Methods Used f o r  ths Lnveetig~ztion 
of LongftudFnal-StabF l%tr Characteristics. NACA ARR, 

. NOT. 1942. 

The problem of the longtdinal s t a b i l i t y  of flying boats while 
In motion on the water has becow of m j o r  importance because of the 
present trends In the @si& of that type of craft. Mathematical 
theories f o r  detamimng the  condition of stab; . l i tg  of a flying boat 
w h i l e  on the water have been e ~ g 9 e t s d  but the amount of wark involved 
ie extremely large. Untfl a more simple and accurate method is  
evolved there will remain a need f o r  tank teets .  

Constant-speed m s  are made f o r  determining the trim limits 
of s tab i l i ty .  Chang~e. in trlm beyond the upper I=%, increasing 
k l m ,  o r  the lower limit result In pomoislng. Accelerated runs 
are made f o r  determinfng the stable posFtions of the center of 
gravity and for locating the best positfon of the step. 

smaY variations (25 percent) in the moment of inertia and 
in the ma88 moving vertic&Uy ham E negligible effect 'on the trim 
limlts of s tabi l i ty  but are mre Important *en d e t e r m f ~ n g  stable 
positions of the center of gaviky. lncreaslng the,  depth of stsg 
has little effect OR the lower tr im limit but increases both of 
the upper trim L a t e  with an acccmpmyfng clecrease fn the violence 
of the .Torpoising- Bo th  upper limits ara ra;aed as the load i s  
increased and, w3th the saue mailable trimming mcmant, the limits 
first appear at e higher speed. 
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397. White , E. G., and Smith, A. G. : A Ma thod for Detarmining the 
Water Stability of a Seaplane in Take-Off alld Landing. 
Rep. mo. H/Rea/163, British M.A.E.E., Map 22, 1943, 

A direct  method  of determining the water stabilitj. in take-off 
and. landlng of full-scale seaplanes is describad. The customary 
Illsthd, of maatwing full-scale stability is by steady runs over a 
range of 8peed.s and at t i tudes.  This mthM is bdlou8, does not  
give the true take-off stability, and does not give tho landing 
8tEbbility. The' eteady-rmn s tab i l i ty  is assumed t o  correepo,d very 
closely to tha take-off s tab i l i ty   bu t  was o r i g i n a w  used t o  obtaln 
full-scale conclitfons canparable with m d e l  scalp. This report 
gives a method of analysis of take-off recor3,'s of at t i tude against 
speed, and results obtained by this mathod are  compared with the 
8bad3-lTlT.I m d t e .  

Results on the  Scion and. S m o  with Shatlmd hull a m  used t o  
establish the method, but It has also been checked agafmt the 
available data on the Seal . a n d  Sunderland I. 

The take-off s t ab i l i t y  limits- show remarlcable ageement with the 

corresponding steady-run limits 60 within k7 of the Scion aJld Saro. 
2 

Evidence on the Seal a z d  Smdorland id insufficient f o r  a definite 
conclusion in these cases, bat tinere is no disagmement betmen the 
results obtained. The mthod is accurate and quick t o  use but talces 
no account of the aqlitude of. porpo.ising, so that a few steady 
runs would e t i l l  be necessary t o  establish t h i s  where required. By 
w e  of t h i s  method the investigation of the s'tabilftx characteristice 
of a Bsaplane undar dif'farent conditions of weight, center of p v l t y ,  
md f l ap  angle can proceed quickly on the evidence of about ei&t 
--off records at each condition, these records covering t h s  full 
at t i tude range. The msthod m y  t l lso be applied t o  find landing 
s t ab i l i t y  from landing records. 

398. Abel, G. C. : Methods of Measuring S,ped and Attitude of a Sea- 
plane during Take-Off. Rep. Do. F/Ros/l22, Brit ish M.A.E.E., 
Oct . , 17, 1938. 

Tha attitude-speed curve f o r  take-off in the type-trial r e p o r t s  
on a l l  m w  flying boats was rwquLred. Various mthods of obta in ing  
this curve m e  discmeed. of the two instruments tested one wa8 a 
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Good agreement between t l 0  records from the twc instr-mnts 
war3 noted except f o r  a Frmall part at the baginning in which the 
pendulous gyroscope waa less accurate. The cambimd  accelerometer 
and pitch recorder has proved to be EL sEghtly better instrument 
than the pendulous gg~oscope although both are suitable for determining 
the attitude-8peed c m e  of a s3aplana. 

399. Ward, Gnne th E. : A Eew Method of 3 tudying the FLOW of ths 
Water along the Bottm of a M o d e l  of a Flying-Boat  Hull. 
EYACA TN No. 749, 1940. 

A new method of studying the flow of the water along %he bottom 
of a model of a flying-boat hull is  descrLbed. I n  t h i s  method, the 
model is f i t ted with a transparent bottom and divi_&)d down $he 
center line by a bulkhead. The f low is obaerEd and photographed 
through one-half of the m-1 by means of the diffusad illumfnation 
from a batterr of lanps cantatned in  tha other half of the model. 
Photo@;raphs of the flow, particularly of the changes that occur when 
the s t e p  ventilates, m e  ahown. 

The resu l t s  of the i n v a s t i s t i o n  lndicate that the method 
has  considerable pramise, chiefly i n  connection with motion-picture 
s t W e s .  

k00. Gott, J. P. : N c t e  on the Technique of Tank Testing Dynamic 
Models of Flying Boat8 as Affected bx Recant Nl Scale 
Experience. Rep. no. B.A. 157'2, Br?.tish R.A.X., Dec. 1939. 



O f  particular interest is the fact that the dangerous porpoislng 
m a  eliminated by an increase in gross load of -;;he R2/33 model. 

Methods and assumptions lead- to the me of Froude t s  law of 
compazison in seaplane model b a t i n g  are reviema. FWl-scale and 
model seaplane-teeting techniquu3 are discussed ELIXI the resu l t s  are 
analyzed. 

Several methods of determining the reeistance R of a ful l -  
B C E L ~ ~  seaplane are: 

(1) A aeaph3.m may bo towed through the  water by a high-speed 
boat (such &a a t o r p d o  destroyer) on a long tow and the load in 
the tow rope measured. 

(2) Realstance c m  be detem*ined indiract lg  by measuring the 
forward acceleration a, measuring 01. estimating the airscrew 
thrust T, and e~t - ina t ing  tho air drag D, Etnd b$ substl . tutiw 
these values into T - R - D = Ma, w h e r e  M 1s the ~ S B  of Yne 
seaplane. 

( 3 )  Direct measuremnts of resistance can be made by measuring 
the forces existing between the float and the fuselage of a single- 
float seaplane while the seaglane is taxying at, a constar~L speed. 

Approxbately the a m  take-off tinnss a r e  obtEbSned if T/W, 
the ratio of thPua t   t o  the weight, is unaltered. Take-off t e a t s  
a t  full load, whlch are very difficult t o  carry out under certain 
conditions; can therefore ba rqlaced to a f lra.6 appoximation by 
throt t led tests at the normal load. 
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(Munbere refer t o  abstracts. The letter X (experimental) Ebnd &el 
number have been d e b  ted from Naval seaplane desiptiom. } 

Allied Aviation 12-place f l o a t - w i n g  glider: 312 

Beam: 12, 18, 64, 92, 235, 142, 185, 2110, 283, 316, 356 (See also 
Length-beam ratio. ) , 

Boeing model 314: 256, 274 

Boeing PB: 190 

Boundary layer: 376 

Bow form: 64., 75,t 197, 250, 253, 393 

Bow heist: 121 

Breaker stay: 22, 283 

Buoyancy: 23, 34, 64, 67, 68, 393 
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. 

Bureau of Aeromutfcs deeign M. 182: 176 .. .. 

Bureau of Agromukics Mark V float: 195 

Bureau of Aeronautics Hark VI float: 195 

Cavitation: 64, 74, 98, 99, 100, 101, 102, 103, 105, 108, 111, 
U T ,  378 

Coanda effect: 

Curtiss Nc: 191 

Curtiss sc: 344 ” 
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Dornier D0.X: 37 

Douglas DT-2: 46 

DOU~US YO-44: 213 

Edo mode1 37-15’750: 207 

Edo m o h l  38-3430: 208 

Edo model OS2U-2-68: 357 

Edo model OS2U-2-68F: 357 

Edo m d e l ’  P: 136 
. .  

F-3-L: 4-4 

Fairchild Amphibian: 206 

Fairey N.4 :  137 

Forebody length: 15, 17, 22, 64, 154, 168, 240, 241, 243, 280, 307, 
315, 3m 



Guidoni SVA float: 117 
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I Rohrbach Ro 11: 39 

Short Crusader: 354 

Short Empire: 322 

Short Saro 37: 48 
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Water rudder: 14 

W L n g  loading: See Hull lortding. 

wing setting: 43, 49 

. 
II 

c 



i 

? 


